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Abstract 
The  Planck  constant  is  an  important  constant  in 
modern  physics.  Its  experimental  verification  is 
generally  by  the  experiment  of  photoelectric  effect. 
The  data  processing  is  very  complex.  In  order  to 
simplify  the  complex  question  the  intelligent  system 
“Measuring  of  the  Planck  constant  with 
photoelectric  effect”  had  been  developed  with 
multimedia authoring tool Multimedia ToolBook. The 
experimental data was of large number that obtained 
by user after the leakage current between electrodes 
and the anode current had been compensated. When 
the data had been filled the corresponding fields, the 
intelligent  system  could  display  dynamically  the 
volt-ampere curve and the speed displayed could be 
adjusted. Especially when the user only completed the 
3 or 4 filters experiments and the number of the clamp 
voltages was 3 or 4, the intelligent experimental data 
processing system could display the slope of the fitting 
straight line and the Planck constant. In laboratory it 
provided  five filters. The  intelligent system used the 
technologies such as the statistics method of “Non 
zero  plus  one”,  “the  least  square  method”, 
“rounding off”, “The uncertainty had a bit and it 
was aligned as the last bit of the significant figure”. 
After the arbitrarily 3 or 4 values of the clamp voltage 
or all 5 values of the clamp voltage had been filled in 
the fields, the slope of the fitting straight line could be 
calculated and be drawn, and the Planck constant and 
its uncertainty could be calculated and be displayed. 
The fitting straight line was the relationship between 
the clamp voltages and the incident light frequencies. 
The Planck constant was obtained by multiplying the 
slope  of  the  fitting  straight  line  with  the  electronic 
charge.  These methods could be applied to  develop 
various  intelligent  experimental  data  processing 
systems. 
Key  words:  physics  experiment;  intelligent  system; 
data processing; Multimedia ToolBook 
1.  Introduction 
The  Planck  constant  was  discovered  by  German 
physicist K. E. L. Planck in 1900 when he was   
 
 
 
 
studying  the  blackbody  radiation.  It  was  a 
revolutionary  event  because  it  indicated  firstly  the 
radiation  energy  discontinuities.  Then  Physics  was 
into  Modern  Physics  era  [1-2].  For  measuring  the 
Planck constant the experiment of photoelectric effect 
was  very  good  experiment.  The  basic  experimental 
facts  of  photoelectric  effect  at  early  work  had  four 
points.  The  first  one  was that  the  saturation  current 
was  proportional  to  incident  light  intensity.  The 
second one was that there was a threshold frequency. 
When the frequency of incident light was not large the 
threshold  frequency the  current  was zero.  The third 
one was that the  kinetic energy of the photoelectron 
had nothing to do with the incident light intensity but 
it  had  a  linear  relationship  with  the  incident  light 
frequency.     
The fourth one was that the photoelectric effect was 
“instantaneous”  and  the delay  time  was less  10
-9 
second. The Planck constant was decided by Einstein 
equation A h Ek    .  There 
2
2
1
mv Ek    was  the 
maximum initial kinetic energy of escaping electrons 
in metal surface. A was the energy consumption when 
an  electron  escaped  from  the  metal  surface.  The 
symbol     was  the  incident  light  frequency.  For 
obtained  the  Planck  constant  there  were  many 
methods  based  on  the  photoelectric  effect.  The 
reference [3] used the LED with blue light and green 
light  as  a  light  source  and  measured  the  Planck 
constant. The mercury lamp as a light source in this 
subject 
[4]  and  the  wavelengths  were  365.0nm, 
404.7nm,  435.8nm,  546.1nm,  577.0nm  had  the 
stronger  intensities.  The  corresponding  to  the 
frequencies  were 
14 10 214 . 8  Hz, 
14 10 408 . 7  Hz, 
14 10 879 . 6  Hz, 
14 10 490 . 5  Hz, 
14 10 196 . 5  Hz.  A 
intelligent  experimental  data  processing  system  had 
been developed based on the experimental data. If the 
experimental  data  had  filled  into  the  fields,  the 
intelligent  system  could  display  dynamically  the 
relationship  curve  of  the  current  and  the  reverse 
voltage.  In  particular,  if  the  student  had  finished  3 
filters or four filters in 5 filters the intelligent system 
could  calculate  automatically  the  parameters  and 
display dynamically the curves. 
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2. The experiment for measuring of the 
Planck constant with photoelectric effect 
The  circuit  diagram  of  the  experiment  of 
photoelectric effect was shown in figure 1(a). The K 
cathode  with high  potential  and the  reverse voltage 
could  be  adjusted.  The  volt-ampere  characteristic 
curve  was  relationship  between  the  current  and  the 
reverse voltage was shown in figure 1(b) at U<0 part. 
The  anode  photoelectron  emission  was  because  of 
interelectrode  leakage  in  the  photoelectric  tube,  the 
incident light irradiating  anode  or the incident light 
was reflected to the anode from the anode. The anode 
photoelectron  emission  was  very  small,  but  they 
constituted  a  photoelectric  tube  reverse  current,  the 
dotted line (anodic photocurrent) and the dotted dash 
line (leakage current between electrodes) as shown in 
Figure  1  (b).  The  measuring  curve  was  below  the 
theory curve.   
When the reverse current was less than the forward 
light current, the downward displacement was ignored. 
If the reverse voltage was Us, all photoelectron can not 
reach the anode and the current was zero, then the Us 
was  known  as  the  clamp  voltage  in  photoelectric 
effect. 
0
2
1 2   mv eU s                                                 (1) 
The equation (1) could be rewritten as equation (2). 
A h eUs                                                        (2) 
Because  the  escaped  work  was  0  h A    and  the 
0  was  cutoff  frequency.  The  clamp  voltage  was 
rewritten as equation (3). 
) ( 0    
e
h
Us                                                   (3) 
The  slope  of  the   ~ s U   was
e
h
k  .    There  h  was 
Planck constant and 
19 10 6 . 1
   e C.   
G
V
-
+ - +
- +
R
 h Photoelectric
triode
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(b) The volt-ampere characteristic curve 
Fig 1    Photoelectric effect 
The precise determination of the clamp voltages for 
the  five  filters  was  an  important  point  in  this 
experiment. Drawing the relationship curves between 
the clamp voltages and the frequencies of light and the 
slope of the fitting straight line were second important 
point. Based on the slope the Planck constant could be 
obtained.   
Reference [5] obtained the clamp voltages with the 
inflection points based on Origin7.5 and differential of 
the  curves.  Reference  [6]  calculated  the  curve 
equations  and  the  intersection  to  obtain  the  clamp 
voltages  based  on  LabVIEW8.6.  The  minimum 
curvature radius method was applied to estimate the 
clamp  voltage  after  the  experimental  curve  was 
divided into three fitting curves based on Matlab in [7]. 
The  subject  was  based  on  ZKY-GD-4  experiment 
equipment  with  five  filters  of  365.0nm,  404.7nm, 
435.8nm, 546.1nm, and 577.0nm. The step length of 
the  adjustable  voltage  was  0.1V,  0.1V,  and  0.001V. 
The reverse voltage was from -1.998V to 0V. In this 
experiment  the  anodic  photocurrent  etc.  had  been 
compensated  by  connecting  the  high  frequency 
matching cable with “current input” and the button 
of “zero confirm / system reset”. Fir recording the 
current and the reverse voltage the step length of the 
voltage was 0.01V or 0.001V near the zero current and 
the step length was 0.1V at other current.     
3  Making  of  the  intelligent  system  for 
experimental data processing 
3.1  To  display  dynamically  volt-ampere 
curves based on the experimental data of the 
filters 
This subject was based on Multimedia ToolBook to 
develop the  intelligent system  for  experimental  data 
processing  “Measuring  of  the  Planck  constant  with 
photoelectric effect”. The intelligent system  had six 
pages. There were five pages for five filters and the 
last page for drawing the relationship curve between 
the clamp voltages and the incident light frequencies.   
The interface  for the filter  of 365nm  was shown in 
figure 2.   
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3.1.1 Interface design 
In figure 2, there were a title, the fillable fields were 
22 groups for filling the experimental data, coordinate 
axis,  controller  for  speed,  and  three  buttons  of 
“Drawing”, “Default”, and “Clear”.   
The experimental data of 405nm had been filled in 
the right shown in figure 3.   
 
 
Figure 2    Interface of the volt-ampere characteristic curve for 
365nm 
 
Figure 3    Interface of the filled data for 405nm 
In figure 4, the volt-ampere characteristic curve was 
displayed dynamically. 
In figure 5, the volt-ampere characteristic curve was 
displayed dynamically at adjustable speed. 
3.1.2 Function design
[8] 
As  a  multimedia  authoring  tool  Multimedia 
ToolBook could be conveniently presented the curve 
dynamically. The curve was relationship between the 
current  and  the  reverse  voltage.  There  were  four 
points of the technology.   
The first one was that the coordinate transformation. 
There was different between the Cartesian coordinate 
and  the  Multimedia  ToolBook  coordinate.  The 
different  was  that  the  y  direction  was  up  in  the 
Cartesian coordinate while the y direction was down 
in the Multimedia ToolBook coordinate. 
The second one was that scale transformation.   
The third one was that the curve was display with 
the broken line.   
 
Figure 4    The volt-ampere characteristic curve was displayed 
for 436nm 
 
Figure 5    The volt-ampere characteristic curve was displayed 
at adjustable speed for 546nm 
The finally one was that the controller for the 
display speed of the volt-ampere characteristic curve. 
The user could fill 0~9 in the field of the controller for 
speed. The larger of the number was the longer of the 
delay time, and the slower of the curve displayed.   
3.2 Calculation of the Planck constant 
The important point of this subject was the calculation of 
the Planck constant. The essence of the important point 
was  the  programming  of  the  button  “Intelligent 
Drawing”. There were seven steps for programming of 
the button “Intelligent Drawing”. 
(1) Design of the arrays for storing data. The arrays 
were for the incident light frequencies, clamp voltages, 
the frequencies and the voltages by the statistics    of 
“non zero  pulsed  one”, and the  frequencies  and the 
voltages  after  coordinate  transformed  and  scale 
transformed into Multimedia ToolBook coordinate.   
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(a)    4 clamp voltages 
 
(b) 3 clamp voltages 
Figure 6    The calculation result of the intelligent system 
(2) Statistics of the number for the filled experiment 
data. The number n would plus one by non zero plus 
one and the original n was set to 0. If n=3, 4, 5 the 
intelligent system would do the fitting curve or the 
system shown “Please put the experimental data into 
the fields”.   
(3) When n=3, 4, 5 the intelligent system calculated 
the slope and the intercept of the fitting straight line 
by least square method in Cartesian coordinate. 
(4) The system estimated the uncertainty of the 
slope k and retained the digitals of the slope according 
the size of the uncertainty. The Planck constant could 
be calculated by  ke h    and the uncertainty could be 
estimated. The uncertainty had a bit and it was aligned 
as the last bit of the Planck constant.   
(5) The slope k , Planck constant and its uncertainty 
had shown in the fields in the interface shown in 
figure 6. 
(6) The slope and the intercept of the fitting straight 
line in Multimedia ToolBook coordinate had been 
obtained after coordinate transformation. The fitting 
line was based on least squares method.   
(7) The experiment points and the fitting straight 
line had been shown. There was the calculated result 
of the intelligent system for 4 clamp voltages in figure 
6(a) and for 3 clamp voltages in figure 6(b). The 
diagram of programming flow for button “intelligent 
design” was shown in figure 7.   
Intelligent drawing
Statistion of  the number n in the filled
data by the method of non zero plused one
n>2?
NO
YES
The slope and the intercept of the fitting
straight line could be obtained by the
method of least squares
According to the size of the uncertainty the
slope had reserved digits by the method of
round
The planck constant had been calculated.
The Planck constant had reserved digits by
the method of round according to the size
of uncertainty. The uncertainty had a bit and
it was aligned as the last bit of the planck
constant
The slope of the straight line, the Planck
constant and its uncertainty could be
displayed in the display field
The slope and the inetrcept of the fitting straight
line in Multimedia ToolBook had been obtained
after coordinate transformation by the method of
least squares
The experimental points had been shown and
the fitting staright line had been displayed in the
interface of Multimedia ToolBook
End  
Fig 7 Diagram of programming flow for button “intelligent 
design” 
4 Results 
The  leakage  current  between  electrodes  and  the 
anode  current  could  be  compensated  by  the  high 
frequency matching cable and the  system reset. The 
developed  intelligent  system  based  on  Multimedia 
ToolBook could display dynamically the volt-ampere 
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characteristic curve after the experimental data had 
been  filled.  The  speed  for  displaying  could  be 
controlled by the controller for speed. The intelligent 
system was used the technologies such as the statistics 
of  non  zero  pulsed  one,  the  least  squares  method, 
round, and the uncertainty had one bit and its      was 
aligned as the last bit of the significant figure. When 
user filled the number of the clamp voltages was 3, 4, 
5  the  intelligent  system  calculated  and  shown  the 
slope of the fitting straight  line.  The  fitting  straight 
line  could  be  displayed.  The  intelligent  system 
calculated  the  Planck  constant  and  estimated  its 
uncertainty.  The  Planck  constant  and  estimated  its 
uncertainty could be shown by round. These method 
and those results could be suit for developing various 
intelligent experimental data processing system based 
on Multimedia ToolBook.   
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